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It was investigated the infrared spectra of the hybrid composites poly(3,4-ethylenedioxythiophene)–
carbon nanotubes in the 400÷4000 cm – 1 range. The current-voltage characteristics of the obtained materi-
als have been studied. It is shown that increasing the content of carbon nanotubes in the composite leads 
to decrease of the resistance of hybrid films. It was investigated the temperature dependence of the electri-
cal conductivity of hybrid nanocomposites in the 80-330 K range. A possible mechanism of charge transfer 
processes in hybrid composites of poly(3,4-ethylenedioxythiophene)–carbon nanotubes is proposed. 
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1. INTRODUCTION 
 
The progress in nanoelectronics determines the de-
mand for novel low-dimensional materials, which have 
specific physical properties due to quantum confine-
ment effect. Recently, hybrid nanosystems on the base 
of conductive polymers reinforced with carbon nano-
tubes (CNT) are in the focus of increased attention [1-
4]. Various electronic and optical systems as well as 
sensors developed these days utilize the unique proper-
ties of nanotubes [4-7]. As far as hybrid nanostructures 
are considered one can expect the amplification of al-
ready existing effects as well as the appearance of new 
features. Among the variety of conductive polymers, 
poly-3,4-ethylenedioxitiophene (PEDOT) is of particu-
lar interest due to relatively low resistivity and re-
markable optical and electrochemical properties. [8-10]. 
Carbon nanotubes are considered one of the most 
prospective materials in the field of nanotechnology 
and crucial materials for future applications. Although 
physical and chemical properties of CNT-based compo-
sites are widely studied over the globe, transport 
mechanisms in these structures are not clearly de-
scribed yet. Hence, the aim of the present work is to 
synthesize PEDOT – CNT composite systems and in-
vestigate the interaction of components in such compo-
sites, focusing on electrical properties of hybrid films 
based on such structures.  
 
2. EXPERIMENTAL PROCEDURE 
 
Hybride composite was prepared based on 3,4-
ethylenedioxythiophene in the form of water polymer 
suspension  (1.5 % of main substance stabilized by sur-
face active polystirensulphone acid, PSS). Inset in Fig. 
1 shows the chemical formula of PEDOT. 
The other component of hybrid composites was the 
dispersed mixture of multiwall CNTs with diameters 
ranging from 8 to 15 nm and the average length of до30 
microns. The contentration of CNTs was 0,5 miligrams 
per 1 ml of water. Functionalization of nanotubes was 
performed by ultrasonic processing of CNTs in  the 
mixture of nitride and sulphide acids taken in 3:1 ratio. 
CNTs were dispersed due to ultrasonic vibrations. 
After multiple washing of CNTs with distilled water 
they were mixed with PEDOT solution and subjected to 
ultrasonic processing for 8 hours.  
Obtained suspension was deposited onto 0.4 mm 
thick fluoroplastic substrate and then dried at room 
temperature during 48 hours. Eventually, the mono-
lithic film of hybride PEDOT – CNT nanocomposite 
was obtained. In experiments, composite films contain-
ing ~5,~7 and ~10% of CNTs were investigated. Molec-
ular structure of the PEDOT – CNT composite and the 
interaction between its components was explored using 
FTIR spectroscopy. IR transmission spectra were 
measured with AVATAR spectrometer in 400 – 4000 
cm-1 range. Literature data were considered in order to 
identify IR absorption bands [11-13].  
In order to study electrical properties of hybride 
composite films silver contacts were thermally deposit-
ed onto the films surface. The thickness of contacts was 
about 0.5 microns. Current-voltage characteristics were 
measured according to standard methods. Voltage 
range was from -4 Volts to 4 Volts with 100 mV. Differ-
ential conductivity was measured at zero offset at test 
frequency of 1 MHz employing LCR meter. Tempera-
ture dependences of electric conductivity were meas-
ured in vacuum (10-3 mm Hg) starting from liquid ni-
trogen temperature. Samples were heated linearly at 
the rate of 0.1 K/sec. 
 
3. RESULTS AND DISCUSSION 
 
In order to clarify the mechanisms of the interaction 
between PEDOT-CNT components, IR transmission 
spectra were investigated. Hibryd films on a silicon 
substrate were studied. Comparative analysis of IR 
spectra indicated the decrease in transmission in case 
of hybrid film due to the additional absorption and 
scattering of light by nanotubes. (Fig. 1). 
Absorption bands at 620 та 1100 cm-1 corespond to 
deformational Si–H mode and Si–O–Si valence vibra- 
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Fig. 1 – IR transmission spectra of PEDOT film (1) and hybrid 
PEDOT – CNT film on silicon substrate (2) 
 
tions of the silicon substrate, respectively [11]. IR bands 
between 1080 – 1200 and 1500 – 1550 cm-1 are vibrations 
[12,13]. 700 cm-1 absorption can be ascribed to С–S va-
lence vibrations. 850 см-1 band and peaks in 950 – 
1000 cm-1 range may originate from С–Н deformational 
vibrations [13]. Hybrid PEDOT – CNT films show more 
intensive absorption bands as comparted to the polymer 
and a different absorption profile in 620 – 800 cm-1 and 
1300 – 1420 cm-1 ranges. This can be explained by taking 
into account the interaction between structural parts of 
the polymer and carbon nanotube atoms. New band at 
470 – 520 cm-1 may appear due to carbon bonds in CNTs. 
Electrical properties of hybrid films depend on gthe 
composition. Current-voltage curves  are symmetric. At 
low voltages (below 2 V) current scales linearly with 
voltage. (Fig. 2). Hybrid PEDOT – CNT nanocomposites 
have significantly lower resistance than polymer films. 
DC resistance decreases almost 10 times as the concen-
tration of nanotubes increases. (Fig. 3). Since electronic 
properties of polymers are similar to those of inorganic 
semiconductors [10], the increase то of conductivity is 
probably due to metallic properties of carbon nanotubes. 
Temperature dependence of the AC conductivity in 
the temperature range of 80 – 330 К shows the in-
crease of G with temperature (Fig. 4).  
In the low temperature region one observes almost 
linear increase of the conductivity. For PEDOT – CNT 
films in the range of 230 – 300 К the dependence of con-
ductivity is more complex. This may be connected with 
 
 
Fig. 2 – Current-voltage characteristic of PEDOT film (1) and 
hybrid PEDOT – CNT films with 5% (2), 7% (3) and 10% (4) of 
CNTs 
 
 
Fig. 3 – Resistance of hybrid PEDOT – CNT films as a func-
tion of CNTs concentration 
 
the existence of trapping levels of unequilibrium charge 
carriers at the CNT –  polymer interface. Trapping levels 
have influence on charge transport in the system of -
electron connections which determines the electrical 
properties of conductive polymers [10]. In this case the 
injected as well as thermally stimulated carriers con-
tribute to electrical conductivity processes in PEDOT – 
CNT hybrid composites. 
 
 
 
Fig. 4 – Temperature dependence of PEDOT film (1) and PE-
DOT – CNT hybrid films containing 5% (2), 7% (3) and 10% (4) 
nanotubes 
 
4. CONCLUSION 
 
Molecular structure and the interaction between 
components of PEDOT – CNT composites were investi-
gated by means of FTIR spectroscopy. It is established 
that, principal peaks in IR spectra are related to mo-
lecular complexes of the polymer and the interaction 
between these complexes and CNTs.  
It was experimentally proved that the increase of 
CNTs content in the composite leads to the ten time 
decrease in the resistivity of hybrid films. The analyses 
of the temperature dependences of the hybrid compo-
sites conductivity in the temperature range of 80-330 К 
indicates the change of charge transfer character, 
probably related to the trapping of unequilibrium car-
riers at the CNT  – polymer interface. 
 PREPARATION AND PROPERTIES OF HYBRID POLY … PROC. NAP 3, 02NNSA13 (2014) 
 
 
02NNSA13-3 
REFERENCES 
 
1. P.C. Ma, B.Z. Tang, J.-K. Kim, Carbon 46, 1497 (2008). 
2. S. Kumar, H. Doshi, M. Srinivasarao, J.O. Park, 
D.A. Schiraldi, Polymer 43, 1701 (2002). 
3. P.M. Ajayan, Chem. Rev. 99, 1787 (1999). 
4. E. Kymakis, G.A.J. Amaratunga, Synth. Met. 142, 161 
(2004). 
5. S.A. Curran, P.A. Ajayan, W.J. Blau, D.L. Carroll, 
J.N. Coleman, A.B. Dalton, A.P. Davey, A. Drury, 
B. McCarthy, S. Maier, A. Strevens, Adv. Mater. 10, 1091 
(1998). 
6. M. Tahhan, V.-T. Truong, G.M. Spinks, G.G. Wallace, 
Smart Mater. Struc. 12, 626 (2003). 
7. P.P. Joshi, S.A. Merchant, Y. Wang, D.W. Schmidtke, 
Anal. Chem. 77, 3183 (2005). 
8. I.B. Olenych, O.I. Aksimentyeva, L.S. Monastyrskii, 
M.R. Pavlyk, J. Appl. Spectrosc. 79, 495 (2012). 
9. Ph. Leclere, M. Surin, P. Brocorens, M. Cavallini, 
F. Biscarini, R. Lazzaroni, Mater. Sci. Engin. R 55, 1 
(2006). 
10. J. Ouyang, Q. Xu, C.-W. Chu, Y. Yang, G. Li, J. Shinar, 
Polymer 45, 8443 (2004). 
11.  M. Niwano, Surf. Sci. 427-428, 199 (1999). 
12. M.G. Han, S.H. Foulger, Chem. Commun. 19, 2154 (2004). 
13. O. Pyshkina, A. Kubarkov, V. Sergeyev, Sci. J. Riga Tech. 
Univer. Mater. Sci. Chem. 21, 51 (2010). 
 
